Fluorine (F) and arsenic (As) are inorganic elements present in the subsurface depending on the geology of the region. These compounds are found in high concentrations in the underground strata of Guadiana Valley of Durango affecting water quality for human consumption (NOM-127-SSA-1994). In the present research the main objective was to assess the behavior in time and space of fluoride (F − ) and arsenic concentration, from 1996 to date, in the groundwater of the city of Durango and some wells of the rural area as a reference. The highest concentration of arsenic was found in a rural well, Colonia Hidalgo (0.149 mg/L or ppm), 6 times the maximum permissible limit (MPL); within the city well 54 located in the western sector had the highest value (0.076 ppm), 3 times the MPL, 67% of the wells in the city and 60% of the Guadiana Valley had levels that exceeded the MPL (0.025 ppm), the concentration in the city ranged from 0.009 to 0.149 ppm and from 0.08 to 0.15 ppm for the rural zone. With respect to F − , the highest value was also found in the Colonia Hidalgo well (17.8 mg/L), 12 times the MPL; within the city the highest value was recorded in well 16 in the eastern sector with 7.6 ppm (5 times the MPL) 97% of the wells in the city and 100% of the wells in the Guadiana Valley rural area had concentrations greater than MPL (1.5 ppm), the concentration in the city ranged from 1.1 to 7.6 ppm, while in the Guadiana Valley from 1.7 to 17.8 ppm. Statistical analysis showed no significant difference for fluoride concentration over time (1996)(1997)(1998)(1999)(2000)(2001)(2002)(2003)(2004)(2005)(2006)(2007)(2008)(2009)(2010)(2011)(2012)(2013); whereas the concentration of arsenic decreased, probably due to the degree of precision required for such small concentrations in groundwater and different analysts ran the samples.
Introduction
One of the most common practices to obtain water for human consumption is to extract it from aquifers in the subsoil. An aquifer is a layer of rock or stratum that can store, transmit and yield water to a well or spring. Water demand in the state of Durango is covered by groundwater sources (33%) and surface water (67%); groundwater is mainly supplied for 11 (out of 30) aquifers, nine of them were categorized as overexploited and four of these have closure decree. The municipality of Durango covers 100% of the water demand with groundwater extracted from the Guadiana Valley aquifer [1] .
The Guadiana Valley is a 1572 km 2 plain located in the south central part of Durango State (Coordinates: 24˚56'05"N 104˚54'43"W), Figure 1 ; Durango City and surroundings are supplied with drinking water through the aquifer exploitation of 1097 wells with an estimated extraction volume of 148.31 × 10 6 m 3 /year, Table 1 [2] . The Guadiana Valley aquifer (code 1003) has a surface area of 4817 km 2 and it is located in the southeastern portion of the state of Durango within the municipality of the same name. It is considered as an unconfined aquifer (based on its geological and pumping tests) and it is contained primarily in granular materials represented by porous medium, associated with alluvial and fluvial environments. This aquifer has been studied by the National Water Commission (CNA, Spanish acronym) and the institutions that preceded the National Water Management and it is currently classified as overexploited, highlighting the presence of toxic elements in groundwater, such as fluorine and arsenic. Groundwater levels in 2007 were recorded at depths of one meter in the northeastern part of the Valley to the La Sauceda River and 47 meters to the north of Durango City. In the area of greatest concentration of wells, depths have reached 20 to 30 meters, the greatest depth recorded was 75 meters and has been documented that there is no significant groundwater discharge from the aquifer [2] . For 2009 there were 7 × 10 6 m 3 as a deficit in its annual average availability and mean water level fell down 27 cm/year; the deficit was caused by overexploitation and increasing demand, because extraction exceeds the natural recharge of the aquifer, producing an increase in the concentration of dissolved minerals. Commonly water extraction takes place at depths of 250 meters at which the elements that form the volcanic rocks have been naturally dissolved, however 75% of the population of the country has satisfied their drinking water needs from much deeper wells, in which fluoride and arsenic concentrations are higher than the limits established in NOM-127-SSA1-1994 [3] .
At present there is a latent problem because the Guadiana Valley aquifer is polluted by the presence of inorganic chemicals such as fluorine (F) and arsenic (As) whose presence can be attributed to both industrial leachate and waste from livestock industry such as insecticides, fertilizers, etc. However, as for this research, their presence is attributed mainly to the geological composition of underground strata [4] [5] [6] .
The Gonzalo Río Arronte I.A.P., a non-governmental organization, has developed activities that promote the management of water resources and reports that a total of 17 states of the Mexican Republic have problems of water pollution with fluoride (F − ) and arsenic, including Durango State. It has been reported that these chemicals cause health problems in bones and teeth at high fluoride concentration and even cancer in the case of arsenic [7] . For this reason, researchers from several universities presented to the Senate an opinion that highlight the seriousness of the problem and calls for immediate action from Government.
The World Health Organization (WHO) sets maximum allowable concentrations of each element, in mg/L or parts per million (ppm), which could pose a health damage; hence established 0.01 mg/L for arsenic and 0.7 mg/L for fluoride in water is for human use and consumption. Meanwhile Mexican law issued NOM-127-SSA1-1994 [3] by establishing maximum permissible limits (MPL) for arsenic and fluorine (quantified as fluoride, F − ) present in groundwater. For arsenic established 0.025 ppm (after 2005), due to the damage that this element can cause to human health according to its toxic, carcinogenic, and organoleptic properties. Arsenic is a normal component of the human body in its organic forms and in their inorganic forms is poisonous; its absorption is carried out easily through the skin, lungs and gastrointestinal tract and it is distributed once absorbed by blood throughout the body and undergoes a process of methylation, highlighting it is highly carcinogenic [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . The MPL for fluoride is 1.5 ppm, due to the damage in humans such as dental fluorosis, skin damage, softening and bone fractures by skeletal accumulation, among others [4, 6, [16] [17] [18] [19] [20] [21] [22] .
Based on such background, the main objective in this investigation was to evaluate the behavior, in time and space, of arsenic and fluoride concentration present in the Guadiana Valley aquifer; by sampling groundwater wells of Durango City and some wells of the rural area as a reference, and evaluating historical data from 1996 to 2013.
Materials and Methods

Inventory, Mapping, and Sampling of Wells
All wells were inventoried with information provided by the Water of Durango Municipality (AMD, Spanish acronym), categorized by sectors, and located with coordinates in a map using AutoCAD concentration, as reported by reference [4] ) were sampled; on a quarterly basis over a period of one year, to account for seasonal changes. Sampling and preservation were performed according to the procedure established by the Standard Methods of Analysis [3, 23] . Samples were collected directly from the well or nearest faucet before the chlorination point. For fluoride, flasks were washed and rinsed with distilled water; for arsenic, material was washed with a solution (20% by volume) of nitric acid and hydrochloric acid and to preserve samples addition of concentrated nitric acid to reduce pH < 2.0 [3, 6,23].
Fluoride and Arsenic Analysis
Fluoride analysis was performed using SPADNS spectrophotometric method according to the NMX-AA-077-SCFI-2001 [24] and arsenic with atomic absorption spectrophotometry with graphite furnace (AAS-GF) established by standard methods [23] .
Data Analysis
The average of the results obtained in four samplings of 2006 was used to establish changes in the concentration of fluoride and arsenic to obtain isoconcentration map (same concentration) using software Surfer ® version 8. To establish if there were changes in concentration of arsenic and fluoride, in each well with respect to time, the available historical information for 11 wells was analyzed for fluoride (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) and for arsenic (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) [4, 6, 16, 25] ; additionally, to see changes up to 2013, 5 wells out of the 11 were selected and sampled as already described.
The differences found were validated with a randomized block ANOVA, where wells were the treatments and years were the blocks and a mean Newman-Keuls test, both with an α = 0.05. Before running statistical tests, the concentration values were standardized to values of Z to help normalize and homogenize the data, all tests were conducted using the software Statistica ® version 7 [26] .
For rural area wells no statistical analysis was conducted since there were many gaps in data reported by reference [25] ; however, according to available data, range concentration for arsenic and fluoride were much higher than Durango City wells.
Results and Discussion
A total of 73 groundwater wells located in Durango City (North = 19, South = 23, East = 14, and West = 17) and 5 wells of the Guadiana Valley (rural area) with the highest concentrations as reported by reference [4] , were sampled.
Calibration Curves and Quantification of Fluoride and Arsenic
Calibration curves were developed for fluoride and arsenic. With the concentration data obtained in all four samplings average values were determined, by well and by sector. The results were evaluated by comparing them with the maximum permissible limits (MPL) in drinking water according to the regulation (1.5 and 0.025 ppm, for fluoride and arsenic, respectively).
Durango City Wells
Fluoride: The highest concentration, 7.6 ppm (5 times the MPL) was found in well 16 in the eastern sector. Data gathered showed that 97% of the city wells sampled had concentrations that exceeded the MPL (1.5 ppm). The concentration range for fluoride in the city was 1.1 to 7.6 ppm. The bar graph in Figure 2 shows the average concentrations for each geographical area.
Arsenic: The highest arsenic concentration, 0.076 ppm (3 times the MPL) was registered in well 54 in the western sector. In general, concentrations of 67% of the wells in Durango City ranged from 0.026 to 0.076 mg/L, and only the remaining 33% met the MPL (0.025 ppm). The overall average concentration in the city was 0.032 mg/L and the lowest concentration (0.006 mg/L) was found in well 45 (western sector). Figure 3 shows the average concentrations for each geographical area. Table 2 summarizes the results for concentration and % range of both elements.
Guadiana Valley Wells (Rural Area)
Concentrations quantified in the five rural area wells were much higher in comparison to the wells of Durango City, as discussed below. The range of fluoride concentration ranged from 1.7 to 17.8 mg/L, exceeding all cases the MPL (1.5 ppm).
The Colonia Hidalgo well is geographically located to the north of the Guadiana Valley and it had the highest concentration of fluoride (17.8 mg/L, 11.9 times the MPL), Table 3 . It should be noted that the other four wells are located in the aquifer recharge zone; because of this, it should be considered that the groundwater quality in this sector is much better than the northern area. For arsenic analysis values ranged from 0.009 to 0.149 mg/L. As in the case of fluoride, the Colonia Hidalgo well presented the highest average concentration of arsenic as well, 0.140 mg/L, 5.6 times the MPL. Only two of the five wells sampled (40%) were below the MPL (0.025 mg/L), Table 3 , sharing the hypothesis that the source of this contamination is mainly attributable to geological composition.
Behavior of Fluoride and Arsenic Concentrations with Time
It is important to mention that several samples for this research (2007 and 2013 data) were sent for analysis at random to a certified laboratory in order to support results and give certainty to the information generated; no significant difference was observed when compared to own values. Data of fluoride and arsenic concentrations gathered in this research [6] was compared to historical values (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) reported by different sources [4, 16, 24] . It was demonstrated that the concentration of fluoride in each of the 11 wells did not change with time for the 1996-2007 period (F = 1.166 and p = 0.5154). The 2009 data was not included in this statistical analysis, because they were out of range as compared to the data from the rest of the sources. The same behavior, no change in fluoride concentration, was observed for the 5 wells tested in 2013 with respect to its historical data from 1996 to 2013 (F = 1.112 and p = 0.3765); for that reason no graphs are shown.
On the other hand, when evaluating trend of arsenic concentration; there were significant differences for 1996-2013 data of five wells (F = 33.22 and p = 0.0000), as for 1996-2007 data among 11 wells (F = 26.23 and p = 0.0000), Figure 4 . Data analyzed showed that concentration was getting lower with time; however, in this case, probably due to the degree of precision required for such small concentrations (parts per billion range) in groundwater and different analyst ran the samples.
Isoconcentration Maps
For a better interpretation on the distribution of the concentration of fluoride and arsenic, in the aquifer, Surfer ® (version 8) software was used to elaborate maps with lines of equal concentration (isoconcentration). With this tool, it is easy to identify the location of the most affected areas. Figures 5 and 6 (bottom) show the distribution of fluoride and arsenic, respectively, for Durango City wells (small red stars) sampled in 2006. The big yellow stars are the wells with historical data from 1996-2013 subjected to statistical analysis. As already mentioned there were sectors with high and low concentrations for fluoride as shown on the isoconcentration map in Figure 5 (bottom); whereas the top graph of the same figure shows that difference in concentration among wells are statistically significant.
For arsenic, there were significant differences between 2006 and 2013 concentration as shown in Figure 4 . However, trend keeps the same, wells with high concentration are always high with time (year of evaluation) as observed in isoline concentration map in Figure 6 ; whereas graph in the same figure shows that difference in concentration among wells are statistically significant.
Conclusions
Concentration of fluoride and arsenic in 73 drinking water wells of Durango City and 5 Guadiana Valley wells (rural) were quantified over a period of one year, all wells were classified by sector for easier handling of information. The five wells in the rural area were selected based on the fact that those historically had shown the highest values. The highest concentration for fluoride was detected in the Colonia Hidalgo well located in the rural area (17.8 mg/L), twelve-fold the MP; whereas in the city, it was well 16 in the eastern sector with 7.6 ppm (five-fold the MPL ); 100% of the Guadiana Valley wells and 97% of the city wells sampled exceeded the MPL (1.5 ppm).
For arsenic, the highest concentration value was also at the Colonia Hidalgo well (0.149 ppm, 6 times the MPL) and within the city it was well 54 located at the western region (0.076 ppm, 3 times the MPL); 67% of the city wells and 60% of the Guadiana Valley exceeded the MPL (0.025 ppm).
For fluoride, a wide concentration range was observed in the groundwater strata, mainly due to the geology of the aquifer (mineral composition) and physical properties (height above sea level and textures). However, there were no significant differences in fluoride concentration based on 1996-2007 data for 11 wells; neither for the 5 wells in the period of 1996-2013. Considering the subsurface geology and that the Guadiana Valley aquifer is over-exploited, that certainly increases the likelihood that the concentration will increase in the future.
On the other hand, statistical analysis showed signifi- cant differences for arsenic with respect to time for 1996-2013. The trend for arsenic showed decrease in concentration with time; probably due to the degree of precision required because concentration was on the range of parts per billion (ppb) and because the analysts that ran the samples were different. It has been noted that the presence of arsenic in groundwater is not well understood; however it has been associated with the dissolution and desorption of the minerals that constitute the aquifer, especially metal oxides [27] . What is also important to mention is that groundwater is the source for water bottling companies sold in the city [28] . Results showed that even concentrations decreased substantially for fluoride, and none of the companies met the MPL. In the case of arsenic, only 62.5% of the removal treatments used achieved the MPL. That implies that not all removal treatments used by water bottling companies were effective, probably because of such high concentration of both elements in underground strata. It is a fact that a high percentage of Durango City wells did not meet the standards established; regulatory agency has made several attempts to solve this problem, and should be continued because it represents a health risk from the effects of fluoride and arsenic, well documented in several studies.
